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A COMFin'iR  TECHK.IQUK  IMPLaMEIkTOIG  TILJ  fEL  SOKAil  C.Lf'kGSIFlX  ATCON 
SYSTEM,  WITH  AH  APPIJCATIOJI  TO  KE/;TAC 


HmtODUCTlON 

Ov?  NKL  SoutuiT  Contact  Clunolflcatlon  System  (Galea  luirl  Eaciy,  .195^) 
has  thus  far  been  presented  for  fleet  vjjn  oaily  In  the  form  of  ji  tabular' 
flipchart-  ^txire  availpbliity  of  digital,  ccruputara  in  j;onie  f.ieet  conte;ctD 
^rill  malx  it  advisable  to  have  pi'ograina  ready  to  effect  nutaaatic  con- 
tact. clasolficatioji,  given  the  inputs  vaed  by  the  Gyatew.  AuvOJcaMe 
clBGOlflcation  will  reduce  errore,  increase  speed  of  claor.ificHtlon,  ant’ 
na’te  it  easy  to  gather  data  for  the  evaluation  of  eyotca*.  perfotmajicio- 

Althouidi  a pre/louo  program  hae  been  de /eloped  for  the  NEL  S;'"f)tejt 


(Mooney,  1959)#  this  profraa  doen  not  differentic.te  between  non-oubiB'.rin-: 
configui'ationn  .in  the  tables  cjid  confleturatiooi'  tJhich,  thoua-h  mathraiatically 
pooslhle,  ere  not  iocluded  in  the  NBL  tablen.  In  many  casoa,  it  night  tr 
a serious  aictoke  if  a conrtact  tihich  should  be  rvjgordcd  vb  unJcno'wi  w're 
d isaiosed  oc  a ncn-cubc'vr.ine.  The  ni'csent  progran  duplicate.')  the  nrevlcoi) 
prograa  functionolJ.y  by  using  26  celln  of  oterego  (vjhere  tfc?  pievloas  pro- 
gram required  6dh).  The  distinction  bai^reon  non-smlmeirlsfc  ttnd  unimovfr  cares 
is  pi'esejrved  by  using  26  additicncl  cells.  The  actusl  clas'Jlfl.catlou  in  the 
present  picgroa  tahas  pliice  by  doing  either  six  bao.lc  instruct lonij  (if 
the  input  conf igut ation  falls  into  the  cubnarinr  category')  or  twelve  In- 
structionn  (if  the  configuration  reprxisents  a non-Bubocj'ine  or  an  uatncTn 
category).  Ae  usual,  preparatory  inst-ructlons  are  also  Involved;  for 
details,  see  the  NKLIAC  progrian  in  the  appendl::.  "Pir  previous  proffrana 

*LT  Ton  McDonald  and  LT  Jerry  BdwrxJL;;  have  both  'v.ritlca  oi'fntlro  Trsrrmma; 
but  neither  program  has  been  officially  report.ed. 
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Unannounced 

Justification 


rcmiirsd  a aaarch  of  a table  68i:-  cello  ia  Icrogtli,  and,  therefoiw,  would  :^ty  Codr 

.11  aiid/oi- 

rcculi’e  ^oub  3*t2/9  - 38  tijnec  oc  many  basic  instructions  to  be  executed^jeclal 


on  the  average,  ac  the  preswit  prograa. 

The  prcEsni  progrtsa  lias  also  bcon  mcdifled  in  feyra  (thougrreswri^r 
the  seir.e  logic  is  iiv/olvcd)  for  une  in  the  NSLIA.C  cocpiler,  tTitb  a re- 


ported saving  in  ccarpiling  tiac  of  one  third.  It  ic,  therefore,  felt 


thsfis  the  general  acthod  aey  be  usefitl  in  still  o1;her  rolatod  snplicatloce 


^here  it  nay  be  a uBCfvil  cubotitute  for  table  looto'o 


ESSmiAl  Pa\!CURIB  OF  THS  JEL  SXSTSI-I 


rcra  ti'.e  audio  displey,  the  PPI  scope,  end  the  tactical  range  recorder 


ation,  of  infoiaotion  obtained  frcoi  the  three  displcys,  and  thus  lacludefr 


a coiTelatlvo  pofwoi"  not  inherent  in  previous  classification  proccdra^i 


T&ble  1 lists  the  types  of  info'-mticn  ifhich  opemtoix  using  tlic  eye 


tam  ore  required  to  Judge.  S'ran  ?.eft  to  ri^t,  the  table  3d,ctr.  the  aocar 
dlcplaya,  the  variables  being  Judged  on  each  display,  and  the  valvos  the 
Judgittents  aoy  hove  (for  o detailed  description  of  the  variables  end  pictor- 
ial illustrstion  of  scale  values,  refer  to  Gales  and  Bady#  1958).  Tube  niles 


that  limit  the  oelectlon  and  cojablnatlon  of  values  are  listed  at  the  bottoea 


of  the  table.  Within  these  rules,  there  exe  3072  diffei^nt  configurations 


of  displey  values,  liaiay  of  these  are  probably  not  realisable  because  the 
physical  properties  of  objects  producing  aoniar  contacts  8a?e  sudi  that  many 


UOU];'IDi;2n.’IAL 

conf  igurat.loa.'s  flo  not  cocui-.  To  uate,  1079  cci  f iC.’VtVi-iwu;}  ot  .he  307  ’ 
poaaiblo  tire  clixc.'jil’ Led  I”'-  "uir  Syiri.''a  liciiia  .ouViiiT- ‘.eo  or  aon-ovl,'ff.:-.rjxn . 

Table  P s>ov3  benr  the  ifETj  yystcia  .l  ecslftec  each  o?  tbo‘?o  -‘’079 
figuratiouti-  IJlnce  mnv  of  the  ecnf fsuvr.t Icno  IcocUoti  io  tLo  nni.>  lieeifilcn 
have  eieir.ei'.ts  In  caaiior.  it  iu  posr.:’blo  tc  l.lsi  'ho  1079  ea-'C'j  vvtt  their 
ftj?oclo.tcd  Jieciaiorio  ;lu  onlj'  ^6  line:’!,  i:ach  line  reprcconiir.?  c:-'>  clx’  jt;  j 
of  corfigni'ctiona.  Table  2 d.;fi'’erc:  olin^'.tl>  ia  for.iat  fjxn  cihat  nigh’^  re 
Gdipectcd  on  the  borls  of  tehlr  1;  cnace  ic  ec‘'>e(.i-.ii’od  ly  i.i.otiTig  the  r.-u;£cc 
of  a”ls  anslt!  and  traee  jengvli  th?,t  tu’e  acceptr.bJ.e,  "itiier  than  i^'vin  ; i e 
j.ncii /Idual  cntagcriccl  vi'J.ue&  that  ?ji*o  accevtable.  In  at’i' Ixcu,  the-  "aoi'i'" 
rategory  of  cxic  angi.e  f.n  underr.tcol  to  be  arp.llcial' le  in  cn,'  of.e  ifhc-,"'  i. 
nor.-e Longat^cl  pip  ehi'pc  ic  one  of  the  valuer  ullo’^nhlo  Tyith'.n  tt.e  rcr'7i:- 
nmtion . 

All  of  the  possible  l-escl  i’Xf'Ut  conf iguratioae  that  can  he  foxaet'. 
f-.'ca  the  va].ue3  liotrd  on  a glvt?n  lice  IokS  to  the  ca.e  elaociflo^tion. 

Oi\  lin?  1,  for  exTsple,  va  ccc  tiiet,  regarHecr  of  dopnler  vaiut  , f ’l  fhepe 
or  a'cis  Ruple,  the  coK'bin.aticn  of  vnljeo  of  3 tn  loed.'.n,5  orge  aiian<i€;.o  , 3 
on  trailing  ed7:e  allgiacont,  end  7.0-29  yiwd  trat.e  Isisg’l!  7.c:’d3  to  a clei  si- 
fication  of  non-sutoerjxp-  In  partlcultir.  the  config’.ir.iticn  i.Tp  tl^pplei-, 
non-olongatcd  pip,  no  trie  acflc,  3 len(lic.g  sd^e  al;ig’ur.cnt,  3 tvai.i  In^;  edge 
alignjBent.,  and  10-19  ytifd  trace  length  .is  one  of  tha  0C'nxM;iuratu.Qr.r  i;i  the 
cluster  repi’CS'^nted  on  Ij.nu  1,  nnd  io  clejssified  nor.-cvh!r;ai'lne. 

Tcbls  2,  03  pi-csentod,  waken  no  special  provision  for  preventing  1.17 egrf. 


entries.  For  exanplc,  a cenfigrration  T?'.ilcb  wovt’d  be  a pcsslMe,  though 
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:K3t  n lcjn.1,  i.  ric  sr  of  Lhe  c"  on  l:  r.  • one  ’.rouM  bo  (Joc'  rtopalcr, 

Coubxo  flP/  O-i.9  i'cio  tofcie,  3 lcadi?i*  ot;<io  ?,  triXliD*  rcgo 

c.ligL-i»"trri:,  an'I  10-2$'  yaort  trr.co  Icns^  i-  it'.ir  ct-iblnatlcn  of  dou'oio  pip 
O-I9  dfiijiXe  axlij  ciigle  uot.  a?  LovcblCj  as  Ir.rtlcat^d  by  tte  ntles 
ci.::  7usj.c'.j1;zs  t*blo  5.  , If  t l;oi  n -jde  c-ulcriiit  Irs-iUy, 

spro'^e'.  clioc-is  auat;  Ixi  inwToi'aUHl  to  ntc  tbe  L aunh  illccol  conf  i/5-r  ul  ioar: 
aro  ce'*ic'’x>d;  ‘I’lc  proacnt  pvosr.uu  inco'OK  vc.tcs  there  choojir. 

I * a\ti£3il‘icafci'n  'irere  to  Ik*  acear?'.  ohed  by  tixo  hvTonn  opciator,  table 
w.»rld.  ooi  be  .la  ac:eptf'u3.c  fo  Ti  for  hXr  me.  Lor^r.tin^;  n i;5.vci. 
uracion  v niJ.d  bo  too  tliae-ccMif;iini. ip.  '^ir  fllpciiaitr  that  bir  e been  u wd 
in  tbe  p*'>t  h-'-'/o  Hcr^ord;.n^^v  j ot  bcei:  2)r.';{  cateil  it.  thin  r.*di  ».:o>i  Coja 
Cao  of  ih*  ol-  autcufi’X’ti  ; cl R.coif.i cation  is  tbot  tl\ia  .'jdr.r.ed 

i’&m  erx-  .j©  a-ted  cnr’.ly  vitb.in  the  cc..T.patoi-  prog-rea. 

Titbit  3 pjrojB’ite  pa'*t-  of  the  ori:S  i«"<  aj  lxh.la  i’,  but  In  h 

i'era  ear  bi.  used  by  the  corrpntor.  2rb].e  3 i<'  l:'nited  ivo  26  non- 

'••ub»x*ra:e  clurterr,  ninoR  it  ?ji  jiroaont-'d  i*n]y  for  ill!ii.tra'^''*'-e  pu/pcso,*. 
ISic  proesnee  of  e vrd'.'e  .In  a clnattir  In  iiKltcj  ted  ly  pnttinf:  n j in  the 
apnfopx’i.ate  colturn.  Tn  order  to  do  this,,  it  is  nc-coeBa’’y  to  list  ecch 
\Tiluo  of  cech  raa’inble  oxpl.lcitly.  f.ubpair'.ac  tad  ixontry  ci-imtcrp  -^srald 
b-?  hanlied  In  aractiy  the  tifimr  Mv.  11*0  reentry  cacec  are  tho.se  cnnec 
In  ^iMcfc  hisiiUghta  have  been  jadged  in  co'incctlon  with  :ui  oxle  ongiO  of 
20"  or  preate.'.';  ed;y?  a!'. ignaent  3hou.id  .-cpli-.co  I be  highllg?jt  Juiigncm;  lu  all 
ouch  cac*-s. 


h 
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A conputoi'  proRTOT  eoald  clRSniiy  tuitoTir.ticaJ.1;.'  iHforcutioi?  l.i 
the  fora  indicated  in  table  3.  'Bic  goncral  aethod  wold  be  to  ccaparo 
the  conf igxiratlon  entered  by  tho  classification  keyset  with  each  of  ihe 
cixisters  in  uucceasion  until  that  cluster  wae  found  to  which  the  con- 
figuration belonged.  This  is  wastel'ul  because  most  of  the  ccnpoi-isons 
made  will  bo  made  with  cluoteia  to  which  the  configuration  cioos  not 
belong. 

Table  h prenenta  the  snac  Infornation  os  tabic  3 in  another  fora. 

Table  4 is  cons'wrtrcted  directly  from  table  3 hy  interchangins  rown  and 
columns;  the  rows  in  toble  3 the  coluono  of  table  4.  Eoeh  rcir  in 
table  4 represents  the  role  of  a pcxtlculer  value  of  a pra*ticulai  variable, 
as  indicated  l>y  ttje  row  labels  in  the  rightmost  column.  The  coluatnr;  re  - 
present the  values  acceptable  in  a particular  cluster.  Each  row  of  this 
matrix  fits  conveniently  into  a 30-fcit  ecaputer  irord,  ^rtth  two  poeitions 
left  over.  Twenty- six  con^puter  words  are  needed  to  reureaent  tiic  uon- 
sul^rlne  clusters.  Twenty-six  oora  are  needed  for  the  submarine  and  re- 
entry clusters,  ibese  words  ore  presented  in  octal  fora  in  the  fiimcnslPning 
statement  in  the  appenclLx;  the  order  in  whicli  the  words  nre  precentad  ir 
different  because  of  the  necessity  to  tsaka  the  table  coenpe.tiblc  w^th  the 
nuznbers  assigned  to  the  values  hy  the  keyset,  and  so  that  no  blank  irovde 
will  be  left  Vi  thin  tbe  ccsqputer. 

Data  in  the  foxn  Indicated  in  table  4 con  be  tised  to  dctei'mlnc  the 
class  aambcrcblp  (sulnorine  or  non-oulsBarlco)  of  a configuration  with  a 
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lainiKinn  numbor  or  operations-  Bie  claosificotion  keyset  provideo  a naaber 
for  ecch  variable;  the  number  repreccnta  the  operator's  Jxi(2&nent  of  the 

» ' 

value  of  that  vaa'lable.  Tiie  eoa5)utor  usee  theec  numbers  as  indices  to 

select  the  computer  TTords  vhlch  represent  those  values.  If,  for  exenple, 

the  classification  keyset  operator  presses  the  keys  for  up  doppler,  elongated 

pip,  O-I9  axis  angle,  3 leading  edge  ixiignment,  3 trailing  edge  eJ-lgnmeut,  , 

and  10-29  yord  ti'see  length,  the  computer  trill  select  the  corresponding  ‘5 

trords  to  vork  vith,  aa  follcvra: 

011  010  000  COO  000  000  ill  000  000  CCO  (up  doppler)  ! 

011  000  000  111  111  Oil  no  111  110  100  (elong:.tcd  pip) 

010  m lli  110  000  111  100  no  OOO  no  (0-19  axis  angle) 

010  000  on  no  no  no  100  100  m 000  (3  Icudlng  edge  nlignBent)  j; 

010  000  010  101  001  101  ni  010  100  no  (3  ti-nillng  edge  caigmoent) 

on  in  000  XO  OCO  000  000  000  000  000  (.10-29  yard  trace  length)  t. 

r,3 

'Ihc  six  words  above  are  identical  to  the  correspond-lng  rows  in  table 
4,  except  that  the  left-cost  and  right-most  bit  i)Of?itiosa8,  which  do  not 
represent  auy  cluster,  are  indicated  above  and  not  in  tabi.e  4. 

In  table  4,  it  win  be  rocalled,  each  column  or  bit  position,  reprecented 
a cluster.  That  is,  the  column  reperesanting  a clustc,T  has  ones  in  an  those 
rows  representing  values  acceptable  in  the  cluster.  Pi-tting  it  the  other 
Wfiy  around,  every  coaputer  word  representing  a -i^ue  which  is  poi-t  of  a 

cluster  win  have  a one  in  the  bit  position  i^oprescnting  that  cluster.  How-  | 

over,  if  any  one  of  a set  of  'values  is  not  part  of  a cluster,  that  value  win 
have  a zero  in  the  bit  position  representing  the  cluster. 

In  the  eix  words  above,  there  is  a one  In  each  of  the  wo^'ds  in  the 
second  bit  position  from  the  left  (position  23).  Ihls  bit  position  represents 
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clujiter  aarj  (lint*  one  in  ta’slo  2).  Ko  other  Mi  po»i'cion  coitMnr  c.  or. 5 
in  every  vord,  'beoeArtte  'ih/i  valiies  represented  sac  not  al3  a port  of  itr^v 
otlMr  clv.ater.  It  Ih  ai-iieyr  true  tfee-t  any  aijs  values  ly-ilciyz  to  no  more 
than  one  oluster. 

The  logical  product  introructiciii,  viiieh  is  a port  of  the  rep/rtoiJrc 

of  most  f.j.gita?-  canputc  rs,  is  a veiY  ccavenient  nctiiod  of  checfel  xj  vxiether 

•HI  aordi-  In  jujy  given  ,iet  have  a 1 in  a casrion  bit  position,  aul,  tiJere- 

fore,  ;iU  Txdoog  to  e.  c.'.u3ttr.  In  the  prerent  erxi-g-ile,  the  liogical  i^rc-lant- 

of  the  doppjer  and  c.'Longatcjd  pip  vordr  in  fo::;xit*d;  then  the  .Togicel 

produe.  of  tho  previous  logical  product  and  the  O-I9  avis  angle  ijord  if. 

fc.raed;  md  so  or  tlirengh  tho  rcmsialng  three  words.  3-.nce  th.e.re  ■»;ill  ha 

a 1 in  any  given  bit  position  oT  a Icgicsl  product  oa].y  if  tijcrt:  -was  a X 

in  that  bit  pori'tiOQ  in  both  the  constituent  "uordf;,  the  fivo  succGSsivc- 

logical  rro-lucts  obiainfid  in  the  abeva  roiaeple  bo  a«  follm-’s; 

Oil  COO  (XX)  COO  COO  OOci  UO  CCO  000  coo  {!’; 

010  000  000  coo  coo  000  100  000  000  OOC*  (g ; 

CIO  000  000  COC  COG  000  100  coo  coo  coo  (3 . 

OiO  coo  GCO  CCO  coo  coo  100  000  OCCi  CCO  ih-} 

010  000  000  C'OO  coo  coo  000  000  000  000  { 5 ■ 

’Sivs,  at  (Sach  stage,  ones  -TMtaln  in  thosn  bit  .tosi’ciccs  repr<»sentir«g 
cluiitors  to  f^?fc3ct-  ■the  values  en’«rlng  the  log!  cel  product  iCIJ  belong 
When  the  logical  produc-;  of  all  six  value  TOi'dr.  ha.s  beer,  cbtaiual^  it  vill 
cont-Hn  a one  if  &cd  if  nil  six  valves  were  part  of  one  clustor.  ’JJj'o 
p.rograci  has  the  subtearine  clusters  rapreoonted  in  one  group  of  w^j.'dr;,  ;nd 
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the  noa-sutwHrine  eiucte-fo  repixiscn-tcc'.  in  a*iotbei-  group  oC  words.  I^ie? 
progrsra  1‘irat  forma  the  logicaJ.  prodect  of  thr  six  wnrdo  selected  froc, 
tlie  sutxax.ine  cluater  poi'tion.  Than  it  checks  to  sec  If  tiere  Is  a oao 
remaining  in  the  logicel  prod\»ct.  If  n one  remaina,  tlic  eonf  Igu-ratlon  ie 
clnasifled  o’itea.ri;\e . If  no  one  rcumins,  the  prograa  3elec«.r  ^'hr  six 
wrdn  represent  la;  the  six  values  frcC'  the  non-autrr.r,-uo  portioj'.  of  the 
cosaputer  'itorage.  151!:  logical  product  of  thece  ie  formed,  rnd  clieeked  to 
see  whether  a one  i-euniuj;  if  co,  the  co^^^act  Is  c?.ccGifled  non-cutamrine. 
If  not,  tbs  contact  ic  classified  las’jx^wn. 

The  forogoJas  o\;tli..ies  the  logic  involved.  For  simi.)]  Iclt"  of  expea- 
ttica,  the  reentry  condition  vno  Ignored;  however,  the  suhtaa-lnc  va'-dn 
actnaJiy  contain  bit  positions  rerorecenting  recastj-'y  elvotcrs.  If  a one 
occ’iro  in  a logical  product  obta-iued  from  "subcax.ine"  words,  subtsai'ino 
classifications  ha’ve  to  be  dlstiaguiabcd  fioc  J*eentjy  clonsificatjons  via 
a compciripon  statesnent.  Stneo  the  foiT  icactl.  sigaTlcanr  bit  pocitioae 
(rightmost)  su'e  ucjcd  for  configu-rutior g indicating  that  ed.te  alignocat 
Judgments  iSiculd  replace  a highlight  entry,  the  final  val.tie  of  the  logical 
product  will  be  r*o  greater  then  3 if  6.  reentry  condition  is  indicated; 
otherwise,  a cubtaarine  clcsaificatiou  is  indicated. 

APPLICATIOW  CF  TOS  TIGICAL  PRODUCT  MiTj  KOD  TO  M.^TAC 

LT  T.  McDonald,  who  helped  the  author  get  tlie  c!)aaelficetion  progirw 
into  ocoeptable  i^SLIAC,  aleo  onggei-ted  to  the  author  that  a oiailar  method 
night  be  5?)plicable  to  the  problen  of  eelecting  the  co::rpct  ouhroutinea  to 
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JuEjp  to  in  the  IffiLIAC  cotcpililng  process.  1'hc  i.uthor  vorked  out  tio  goficr.--\l 
method  for  caking  chis  ^jplicc/oion.  a.id  LTs  A.  E.  Lccacy  and.  J.  E.  Vhlt<> 
wrote  the  routine.  Ubej-  renoi-t  that  the  conpller  ulth  the  routine  incor- 
porated ran  ab<3ut  l/3  fester  than  it  prcvious3.y  he.d^  and  hi/l  coce  other 
desirable  features. 

?IELIAC  application  is  rcnilLy  just  another  inGtance  of  a classi- 
fication probloc.  Eie  ccrapili'eg  progrsia  ckcrulnes  the  cunrent  opevator  oyn- 
bol  in  ccrloination  with  the  nest  operator  symbol,  end  then  ''cleoslfies" 
the  canbinatioo  according  to  which  fr.’hroutine  will  be  needed  to  gensraoe 
the  Kschino  instructions  for  carrj'ing  out  the  indlcc.tcd  pneratioi: . Table 
5 shows  the  legal  current  operratcrc  in  the  ^.eft-hand  co3.usin,  thn  3,esal 
next  operators  in  the  top  row,  and  the  rrsabers  of  the  decired  sub:''cutinef. 
as  entries  in  the  table. 

In  the  coKpiler  application,  there  are  20  possible  cui-rent  oporaters 
and  24  possible  next  operators  for  a total  of  ijSC  ccajbiimtiono  of  cerxent 
operator  and  xiext  operator.  Bile  number  is  inBEcdi-ately  reduced,  to  437 
(19  X 23),  since  t.he  "or"  and  "and"  symbols  arc  treated  as  identical  for 
purposes  of  selecting  a subroutine,  l&e  particular  combination  cf  current 
operator  and  next  operator  determines  of  2?  subroutines  is  to  be 

used,  if  the  ccanbination  is  legal;  if  the  ccsEbinatlon  is  not  legal.,  a 
fault  condition  should  be  indicated.  Bhls  gives  a t-ercaJ.  of  28  output.^ 
needed,  as  contrasted  with  four  filial  outputs  for  the  claaaifi cation  pro- 
grsn.  The  small  number  of  outputs  in  the  classification  progrem  made  it 
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oe.3ie3t  to  diatinguija  bGtr.'een  oatputs  by  oiEro'y  krowlog  ai  which  stage 
in  the  prosroEt  the  otjtput  occr-rred  exid  hj  aukiisg  oiie  special  oueBtion  to 
dlstinguiaii  r^jentr;/  ca<ie3.  In  the  cotnpiler,  the  larger  nvmbev  of  outputs 
Clide  It  nscecoary  ivo  doteraine  ijhlcL  bit  position  van  filled  whan  tiie  out- 
nuo  occurred. 

A problea  cccanrou  \n  the  ifrltiitG  of  the  RilLjlAC  routliie  vhich  ivod 
net  occurrea  in  the  clansiflcetion  routine.  Gcise  of  the  logical  products 
pcrfo^aicd  'betT-reen  the  current  opci'ator  words  and  the  next  epemt/or  words 
led  to  an  ambiguity;,  that  is,  wore  th?n  one  bit  positicai  concajjaed  a 3. 

Since  eecli  bit  position  ;-epre5u-nts  a ocpaz’ate  oo.tput,  it  t.^culd  not  be 
possibLe  to  de-terJiine  liiich  output  vao  correct  vltbout  special  questions 
wiicb  would  slew  the  routine.  LTs  Vljite  end  L-rray  Bcived  the  oroblera 
ingeniously  try  mnaaing  the  outputs  which  led  to  Eisbiguit^'-,  that  is,  by 
ahifting  trovbie.oceio  outputs  to  a neii  bit  position.  For  ci’.ecple,  sub- 
i-outinr.-  10  en  it  occurred  in  scaie  pccitions  ir&s  rensuaed  27  < Ibis  routine 
then  bad  f»o  nc'snes  at  an  intermediate  stags  in  the  pxxjgraa.  Another  look 
at  table  3 will  show  tdiat  was  involved  inore  cloarly.  Consider  the  combin- 
ation of  cozaD’a  as  current  qpei-ator  ’fit}!  colon  ns  next  operator.  For  this 
ccssbication  the  correct  subroutine  ic  njuiber  29*  However,  the  ccema  shares 
aubiTOutine  10  with  sevci'al  next  operators,  and  subroutine  10  Is  also  used 
'rben  the  current  operator  is  plus  and  the  next  opci’ator  colon.  Therefore, 
the  werds  in  the  cos^juter  for  a current  operator  of  cemaa  and  the  next, 
operator  of  colon  hove  two  bit  positions  in  coacson:  10  and  29  • 'Sy  re- 
naming the  case  where  the  plus  and  colon  use  subroutine  10,  calling  this 
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■33.se  27,  the  oeVig’-vity  is  eDdndrj.tedo  flOv-eral  other  ocerrrencoo  of  XO 
were  also  i-acened  2'T,  &Qd  other  psibigiitties  vers  eliiainated  la  aaolc^oeo 
fashion;  all  ambiaulties  aso  indicated  in  the  taMe  by  stars.  IThe  Jvs,it/ 
table  ia  then  conEtr’o.ctei  so  that  1.0  and  27  <^'2  rcccsibiued  aad.,  vhether 
bit  position  10  or  27  is  filled,  the  saoie  oabroutine  is  yt-iU'psd  to, 

GENERAL  USfgOLhTSS  (3?=  TEd  I-ETSOD 

Because  of  the  lax’ge  ais:->ber  of  cutputn,,  the  auaber  of  jaubigaj-tie.o 
rme  small,  eaid  it  vas  possible  to  proceed  by  rensiaing  a fe-s  cases  If 
t-he  number  of  outputc  had  beeu  swailer,  o’"  if  the  table  outpiits  hac  cluatorod 
in  less  orderly  fashicn,  it  saight  hs.ve  been  necessary  to  constraet  a mini- 
mal table  via  the-  same  type  of  procedures  that  were  used  for  tlio  JJEL  CXsssi- 
ficatl-on  System.  !Eiat  is,  the  loaown  coirflguraticno  could  be  listed  aepar- 
ately  at  first,  and  then  ccesbinsd  as  far  on  possible  without  iatrolucing 
any  imbiguiuy.  !iSie  lines  in  such  a minira-xL  table  would  repu'escat  the 
intermediste  outputs  necessary  to  s-iroid  ambiguity.  Sevei’c.!  lines  sight 
represent  the  seae  final  outcesae;  ia  the  case  of  the  UEL  Sys'bca  tf.ibles, 
aa  nany  as  a8  lines  represent  a slns?.8  f?jacJ.  outcome;  in  the  irELSAC  cok- 
piler,  only  two  noEes  needed  'to  be  used  fez'  acT,"  single  cub-routine,  so 
only  two  Inteiiacdiate  outputs  are  caabined  for  any  final  output. 

Both  the  KEL  System  aind  the  NEUAC  tables  lend  themselves  welJ.  to 
the  logical  product  method  partly  because  thero  is  in  each  case  s.  single 
output  for  a large  proportion  of  the  poaaiblo  configurations.  In  the 
first  case,  I993  configurations  out  of  tlw?  3072  legal  configamtica-s  l.e3d 
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t.o  rr.  "luUrJOkm"  output.  In  thj  corruJler  cftKc,  200  of  ^37  cwubinatlonfi 
ur«  lllcgtJ. . In  both  ce^eOj  thici  consaorcsl  output  could  be  s-coignod 
condition,  logical  product  » 0.  The  ability  to  treat  cotnrjoiwat  out- 
put in  this  ecoromlcBl  fashion  is  another  advantage  of  the  logical,  prrduct 
laothoA.  If  the  caaneneot  output  had  to  be  treated  cxact,!’^  like  the  other 
outputo,  many  more  aabiguitieo  would  arise,  anti  the  siinlmal  table  viDald 
b;WO  to  be  much  loa-ger, 

Tbe  U3ofulno8fi  of  tho  lo^cal  product  meiaod.  as  a nubatltute  for 
V'.ble  nenreh  methoils  in  there  tf?o  applications  loRda  one  to  Inqul’-e  when, 
la  geucruO , cudi  n method  would  be  ucefu.l  and  tdiea  it  would  not.  The 
strength  of  the  logical  product  lEetfiod  io  that  it  taken  a snort  time  to 
"Toaveh"  the  input  conbinations  iiad  doterolne  'rtietber  a legal  output  orjate- 
Tb*,n  tbe  outputn  must  be  "search'd"  fnifficlcntly  to  dtr-exTuino  wliicU  f.ianl 
output  bai  renulted..  In  the  NFIJAC  routine,  this  sejureli  lo  ejrried  out  bv 
«'uccei3lve  shifting,  ooimting  the  cliirta,  and  choosing  the  output  as  det-or- 
mined  by  the  dbift.  counter  Trtien  a "i"  j^cars  la  the  rightrost  position. 

In  tli-^  claGaiflcatlon  routine,  the  ciage  in  the  prograra  at  vhich  an  oiiiput 
was  obtadned  was  eufi’icienb  to  specify  ihe  output.  In  either  cime,  the* 
Ifjgical  product  method  in-'/olves  an  output,  rather  than  on  injiut,  fiearcU. 
Thus,  in  general,  if  thexTs  ci-e  fewer  outputs  than  inputs,  it  would  nena 
pj’eferable  to  use  «n  output  search.  In  addition,  iDstiuctiona  are  avail- 
able that  make  this  output  aeardi  vei’y  fact,  at  least  wheie  the  number 
oi  outputo  is  < the  nianber  of  bits  iui  a coniputer  word.  If  a ecoputer 
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\ford  Bp^clfies  30  outputs  accordlr^  to  vtich  of  inr.  30  bit  poc-lti  Oiin 
contalu  R it  Is  quite  fast  to  initiate  a .vvpeat  of  a rigbt  stoiffc 
inatruction  for  30  tijncc  with  c.  skip  coa5_ition  v}’/.'n  the  ref-viotcr  tuma  to 
0;  the  nvaahcr  of  ciiifto  required  to  turn  the  iTgi-jiter  to  0 in  available 
in  the  ‘epeat  index.  No  specie],  corgjaricca  iur.t.^*uctionc  cre  required 
Ihc  TOakness  of  the  logical  product  ncthod  ic  that  special 
caut.lons  are  neccoBary  i)i  ol  der  to  evoid  raublguitiea-  Au  w have  etcU;, 
if  embiguities  occui’,  the  uumber  of  iatcrnieiUsto  outputs  lau-st  be  eu- 
iarged  in  order  to  eliminate  the  ainbiguiticr..  Iri  the  clfc'.esif j.cAtiou  arc-* 
gx-KUj  there  'sjere  actuaHj,*^  56  ir.tcntcdlate  outputs  corrcoi.c,nd5.n6  to  ihc 
linos  of  the  table.  Thenc  56  vere  recesubined  partitilly  to  give  aily  three 
fins]  outpiits,  plus  the  fourth  >;hen  none  of  cha  5(3  pcnltious  couttrijued  a 
1,  'Iho  tecJinlqua  of  multiplying  logical  producto  is  useful  on-W  iC  tl\c  num- 
ber of  intermedi.ate  outputs  ie  relatively  sicali.  This  means  that  spp-'-oc- 
iabJe  numbers  of  input  configurations:  aunt  cluster  on  the  lii;eo  of  a table, 
uhere  each  line  represents  an  output;  or  that  in  a table  like  the  NIi.L\4C 
distribution  table,  the  outputs  eusL  c?.uater  on  rcro,  or  in  colurauc,  or 
in  both.  Where  these  clustering  effects  are  oboei-vod,  it  seerar  a-efo  to 
say  that  table  storage  method!?  ohovld  be  replaced  by  methods  il’icla  find 
an  output  by  obtaining  logical  products  of  words,  ^rheio  each  word  deo- 
cjrlbes  the  role  of  an  Individual  input  value.  Of  course,  there  other 
factors  to  consider  in  a ppccific  caco;  for  e^rsmplc,  doer  the  number  cf 
intcjwedlatc  outputs  nrerJy  equal  ocme  multiple  of  the  niaber  of  bits  in 
a eocq;>ut.er  vt>rd?  If  it  does,  eoch  pertoi'mance  of  a logical  product  pjxj- 

duceo  more  Infomation,  and  otorage  cqpace  Is  better  used.  If  Jt  does  not, 

13  COr’^’lEENTIAL 


coTOiDsaniAL 


i sicthod  like  table  C-orags  whlcn  lo  ftbotractly  inferior  may  octwHy 
be  bettor. 

One  apjilicetion  ^diicli  woulu  bo  e'^pecled  to  ahow  the  cbaraetcriortica 
i\320ciated  -vrith  efficient  uor  of  t-be  logiccJ  pjoduct  lostliod  wmj.d  be  the 
Tao-sflog  of  tc.ctlca.l  dcclcicna  iu  cajputof-a-' ded  Bjj'otcno  operating 

in  real  tiaie.  In  3udh  ca-nea,  deoioiono  ^»uld  be  liltoly  to  depend  upon 
the  e.':i5tlng  -vsLLueo  of  noveral  voriablec.  TSe  number  of  poooiblo  deciaioris 
vnuld  probab3.y  be  quite  limx-ted  compered  to  the  number  of  configurations 
of  vHj-uee  of  variables.  OJxeso  are  exactly  the  rsquirementr.  for  Bituation«^ 
Ni:3re  tho  present  lacsthod  lulght  be  helpful. 


S^y.HY 


coB^iuter  technique  is  described  ^fhich  efficiently  lanlcanenta  the 
N4L  Scaar  Conbict  Classification  gys-tem.  ISic  correct  output  le  detcmlned 
by  a logical  product  ncthod  rather  than  by  the  uoual  table  6torfiG«^  and  look 
up  metboda.  IHie  ccaapu.ter  gets  Ito  inputs  from  a lacyset  designed  specif i- 
ciLly  for  sonar  classification.  Ihc  contact  clacaification  given  by  the 
ccmcput-er  will  be  identical  to  that  rande  frem  te.bleo  based  on  the  current 


nBl.  Sonar  Contact  Clacslfi  cation  Systeo  for  scojinlng  sonca*a. 

A logically  Identical  tochnique  turned  out  to  have  an  application 
within  the  MELIAC  corapiling  program,  wlierc  it  was  reported  to  save  l/3  of 
the  ccBsplllrig  time.  Ybe  succeee  of  the  method  la  these  two  appli cations 
led  to  BOtto  cxmlnation  of  the  general  uncfulneoB  of  the  larthod  as  a 
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‘ (lubstitute  for  tcble  irtorago  and  tAbio  loolr  tip  in  rcasputcr  pro^raaualnj^. 

One  type  of  proble-.a  ».hero  thle  iicti'.od  jsbould  be  efi'icieno  io  tbe  nnJclnii 
of  declaioas  in  real  tima  oj'3tefa.o,  nlirre  the  drcisionc  are  ba^ed  on  the 
exi»tln^5  values  of  eeveral  vai-iableo. 
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TAPIF  n.  MINIMA!.  KEFUKnEMTATTOtl  OF  TI!E 
tfEi,  ciASGiFioA'iiorj  gy:!ti:h 


CUl.lTEfl 

DOPPIEH 

I?.1L 

CHAPE 

AXIS  ANOIE 

ALIGNMENT 

TliACE  IJ3NGTM 

CLACC 

\ . 

U D N 

NK  E 

EW  PP 

0-90 

3-3 

10-29 

N 

U D ri 

E 

EW 

20-59 

1,2, -1,2 

10-29 

N 

r 

3. 

ri 

NE 

- 

2-2 

10-29 

N 

h. 

U D 

TIE 

- 

1,2-1, 2 

10-29 

N 

5. 

N 

E'^ 

0- 1 9 

1,2-1, 2 

10-29 

N 

6. 

N 

NE 

- 

2-2 

30-129 

N 

7. 

M 

TIE 

- 

l,2,3-3,W 

30- 129 

N 

fl. 

N 

NE 

- 

3,W-1,2 

30-12^1 

N 

9. 

N 

E 

0-59 

i,2,3-3,w 

30-129 

N 

10. 

N 

E 

0-59 

3,w-i,2 

30-129 

N 

11. 

N 

E 

00-90 

l,2-3,w 

30-69 

N 

12. 

N 

E 

O0-90 

3,W-1,2 

30-69 

N 

13- 

N 

E 

EW 

O0-90 

1,2,3,W-1,2 

70-129 

N 

• lU. 

N 

E 

EW 

Oo-oo 

J,2-3,W 

70-12S> 

N 

15. 

N 

EW 

0-59 

l,2,3,W-l,2, 

3,w 

30-129 

N 

16. 

N 

NE  E 

EW  DP 

0-90 

],2,3,W-1,2 

130-ovor 

N 

17. 

N 

NE  E 

EW  DP 

0-90 

^2-3,W 

130-ovcr 

N 

18. 

U 

NE  E 

EW 

0-90 

W,3-1,2,3,W 

30-ovpr 

N 

19. 

U 

E 

60-90 

1,2-1,2,3,W 

130-over 

N 

20. 

U 

EW 

75-90 

1,2-1, 2,3, W 

130-ovpr 

N 

21. 

D 

NE  E 

EW 

0-59 

2,3-w 

30-ovor 

N 

22. 

D 

HE  E 

EW 

0-90 

1-3, W 

30-over 

N 

23. 

D 

E 

EW 

60-90 

2-W 

30-ovor 

N 

2k. 

D N 

E 

EW 

60-90 

3,w-3,w 

30-over  N 
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TABLE  i?  (Cont’d) 


CLUSTEH 

DOPPLEH 

PPI  SHAPE 

AXIS  ANT, IE 

AIJGNMBNT 

THACE  LENGTH 

CLASS 

D 

E 

OO-^X) 

1,2,3,W-1,2 

130-over 

N 

?.6. 

D 

EW 

75-90 

1,  ,3,W-1,L’ 

130-over 

N 

,>7. 

N 

NE 

E 

0-19 

H 

130-over 

N 

26. 

N 

EW 

0-59 

H 

30-over 

N 

N 

NE 

- 

L-1,2 

10-29 

S 

30. 

N 

NE 

- 

P-1 

10-29 

S 

31. 

N 

E 

0-19 

1,2-1, 2 

10-29 

S 

31’. 

N 

DP  65-90 

1,2-1, 2 

10-29 

S 

33. 

N 

NE 

- 

1,2-1 

30-i.’9 

S 

3‘*. 

N 

NE 

- 

1-2 

30-129 

S 

35. 

N 

E 

0-59 

1,2-1, 2 

30-i;’9 

s 

36. 

N 

E 

60-90 

1,2-1, 2 

30-69 

s 

37. 

N 

EW 

60 -90 

1,2-1,2,3,W 

30-69 

s 

36. 

N 

EW 

60-90 

3,W-1,2 

30-69 

s 

39. 

N 

NE 

E 

0-19 

H 

30-129 

s 

ko. 

U D N 

E EW 

60-90 

1,2-1, 2 

10-29 

s 

hi. 

U D 

E EW 

0-19 

1, 2-1,2 

10-29 

s 

U 

NE 

E EW 

0-59 

1,2-1,2,3,W 

30-over 

s 

^♦3. 

U 

E 

60-90 

1,2-1, 2,3, W 

30-129 

s 

kk. 

U 

EW 

60-74 

1,2-1, 2,3, W 

30-over 

s 

i»5. 

U 

EW 

75-90 

1,2-1,2,3,W 

30-129 

s 

U6. 

D 

NE 

E EW 

0-59 

1,2,3,W-1,2 
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(COMMEWS:  THE  AMPLIFYINO  WORD  FROM  THE  KEYSET  WILL  COOTAIN  THE  DOPPIJ^R 
EWRY  IN  BITS  27-*29,  PIP  SHAPE  IN  2H-^26,  AXIS  ANOI^  IN  21-^23,  IF.ADING  EDGE 
ALIGNMENT  IN  l8-»20,  TRAILING  EDGE  ALIGNMENT  IN  15-*17,  AND  TRACE  LENGTH  IN 
12-^14.  ENTRIES  IN  THE  SONAR  CIASSIFICATION  WORD  HAVE  THE  FOLLOWING  MEANING 
0 - UNKNOWN,  1-  ILIEGAL,  2 - NONSUB,  3 - SUB,  7 - INSUFFICIENT  DATA. 

THE  DIMENSIONING  STATEMENT  IS  SET  UP  SO  THAT  A COMPACT  TABIE!  WILL  RESULT. 
THEREFORE,  THE  LAST  VALUE  FC«  A PARTICUIAR  VARIABLE,  LIKE  SUB  DOPPLER,  IS 
LISTED  IN  THE  DIMENSIONING  STATEMIENT  AS  THOUGH  IT  WERE  THE  FIRST  VALUE 
OF  THE  SUCCEDING  VARIABI£.  THE  ORDER  OF  WORDS  IN  THE  DIMENSIONING 
STATEMENT  IS:  DOPPLER,  NONE,  UP,  DOWN;  PIP  SHAPE,  NOT  ELONGATED,  ELON- 
GATED, ELONGATED  WITH  WAKE,  DOUBLE  PIP;  AXIS  ANGLE,  IN  ORDER  OF  SIZE; 
LEADING  EDGE  ALIGNMENT,  1,  2,  5,  W;  HIGHLIGHTS;  TRAILING  EDGE  ALIGNMENT, 
1,  2,  3,  W;  AND  TRACE  LENGTH,  IN  ORDER  OF  SIZE.  THE  KEYSET  ENTERS  NUr®ERS 
FOR  EACH  VARIABIE  WHEN  AN  ENTRY  IS  MADE,  EXCEPT  THAT  HIGHLIGHTS  ARE 
HANDIED  AS  THE  lAST  VALUE  OF  LEADING  EDGE  ALIGNMENT.  THE  SIZE  OF  THE 
numbers  ENTERED  CORRESPONDS  TO  THE  ORDER  OF  THE  VALUES  IN  THE  TABLE 
IN  COMPUTER  STORAGE.) 
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GUB  doppu-:r  (^)  - , f 37770  0001^,  f 00007  70156, 

siiD  PIP  (n)  « f 00006  o-n^jG,  f 06100, 

{'  0^»317  47110,  §•  00067  36646,  SlIB  AXIS  ANGIis  (6)  ^ 02000  00001, 

{'•  31400  00000,  {►  35613  O6l4o,  f 61601  06012,  f 61564  6l4i4,  f 31564  51214, 

SiiB  LEADING  EDGE  ALIGNMENT  (5)  - f 33564  51215,  f 27747  75600, 

{>  17347  77600,  f 00020  07600,  {>■  00020  07600,  SUB  TRAILING  EDGE 
ALIGNMENT  (4)  ™ {»  00010  00157,  f 37377  75740,  f 26777  75740,  f OOO5I  72l40, 
SUB  TRACE  lENOTH  (5)  =•  f OOO5I  70l40,  f 36OO6  00001,  f 01771  77756, 
f 01611  77756,  f 00001  26542,  NONSUB  DOPPIER  (3)  - , f 35777  70046, 

32000  07000,  NONSUB  PIP  (4)  = f 32000  00770,  f 26700  34604, 
f 30077  36764,  {>  31003  75752,  NONSUB  AXIS  ANGLE  (6 ) - f 20000  3OOOO, 

f 06700  00000,  {>  27760  74606,  f 36760  74602,  f 26717  36360, 

f 26717  37370,  NONSUB  lEADINO  EDGE  ALIGNMENT  (5)  - f 26717  37370, 

f 13253  73230,  f 17653  73530,  f 20366  64470,  f 00126  64070, 

NONSUB  TRAILING  EDGE  ALIGNMENT  (4)  =.  f 00000  OOOO6, 

f 13126  67036,  f 17526  67036,  f 20251  57246, 

NONSUB  TRACE  LENGTH  (5)  - f 00251  57746,  f 37000  00000,  f 00774  44742, 
f 00763  44742,  f 0000  37776,  LOGICAL  PRCDUCT; 
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NKL  t:  MGS  IKY: 

Ir.AVK  INTJKX  RFGTGTKR  VAIWtvG',  AMFLIFYTNO  WORD  [j]  > AMPLIKYINO  WORD, 

GI'T  UP  INDICKG,  CHKCK  KWRIFG  FOR  IXWIC,  CHECK  GUDMARJNI^  WORDS, 

CHECK  NON  GDDMARTNK  WORDS,  EXIT  C lAGS IFTCATION i , | , 

SAW  INDEX  REOIGTKR  VAUfEG: 

M ‘ G>AVE  T,  ^ ■>  SAVE  J,  k > SAVE  K,  I ♦ GAVE  L,  m SAVE  M,  n > SAVE  N,  | , 

GET  UP  INDICES: 

lAMPLIFYINO  WORD  (P7»-PO)  * 1.  AMPLIFYING  WORD  .1, 

AMPLIFYING  WORD  k,  AMPLIFYING  WORD  (lR-*>?0)  -►  I, 

AMPLIFYINC;  WORD  (lR>17)  *•  m,  AMPLIFYING  WORD  ->  n,I, 

CHECK  EMPRIES  FOR  I/Xl  IC  : 

lIFl-3»  |IPm-0:  lIFl«0«.1-0®k-0®n-0:  INSUFFICIENT 

DATA.  IF  NOT,  ; I ; IF  NCrP,  ILIFXIAL.  i ; IF  NOT,  | rFl-0®J-0®k-0® 
l«0®mr.0®n-0:  INSUFFICIENT  DATA.  IF  NOT,;|;  IF  I - B m - ^4  : 
IIIEGAL.  IF  NOT,;  IFJ-lBk/lj  ILLE'.OAL.  IF  NOT,;  IF  J - 4 B k / 6 : 
ILIEOAL.  IF  NOT,  ; |, 

CHECK  SUBMARINE  WORDS: 

I J_  10031  SUB  doppij=;r,  J_  4o(;3p  sun  pip,  i oa(X)o  ao,  I 40033  sub  axis  angle, 
j_  03000  30,  J_  40034  sub  LE'.ADINO  KIXIE  ALIGNMENT,  03000  "SO, 

J_  4003S  SUB  TRAILING  EDGE  ALI0NMI:NT,  J 0-^000  AO, 

J_  40036  SUB  TRACE  LENGTH,  J_  1^030  I/TGIC  L PRODUCT,  IF  LOGICAL 
PRODUCT  / O:  1 IF  16  < IvOOICAL  PRODUCT:  SUBMARINE.  IP  NOT, 

ILIEOAL.  I,  IF  NOT,  ; |, 
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CHbXK  NON  SUBMARINE  WORDS  t 

I J_  10031  NONSUB  DOPPIER,  ]_  ^K)03P  NONSUB  F'lP,  05000  30, 

J_  40033  NONSUB  AXIS  ANUIE,  J_  03000  30,  40034  NONSUB  lEADINQ 

EDGE  ALTONMENT,  ^ ^^5000  30,  40035  NONSUB  TRAIMNO  EDGE 

ALTONMl^ITT,  03000  30,  40036  NONSUB  TRACE  lENOTH, 

J_  15030  IflGICAL  PRODUCT,  IF  IXXIICAL  H^ODUCT  / Ot  NON  SUBMARINE. 

IF  NOT,  UNKNOWN.  |, 

II.I>:GAL: 

RESTORE  INDEX  REGISTER  VALUIX,  1 -*■  CLASSIFICATION  f ,1  ] , EXIT  C IASS IFICATION. 

INSUFFICIEm*  DATA! 

RESTORE  INDEX  REGISTER  VALUES,  7 -♦  CLASSIFICATION  [j],  EXIT  CLASSIFICATION. 

SUBMARINE  t 

RESTORE  INDEX  REGISTER  VALUES,  3 **  CLASSIFICATION  [j],  EXIT  CLASSIFICATION. 

NON  SUBMARINE: 

RESTORE  INDEX  REGISTER  VALUES,  2 CLASSIFICATION  [j],  EXIT  CLASSIFICATION. 

UNKNOWN: 

RESTORE  INDEX  REGISTER  VALUIX,  0 -♦  CIASSIFICATION  [j],  EXIT  CLASSIFICATION. 

RESTORE  INDEX  REGISTER  VALUES: 

ISAVE  I ■*  1,  SAVE  J J,  SAVE  K ♦ k,  SAVE  L I,  SAVE  M -♦  m,  SAVE  N n,  | . . 

UNCLASSIFIED 


